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7KHREMHFWLYHRI WKLVSDSHU LV WRSURYLGH DQRYHUDOO UHYLHZRI OHDFKLQJSURFHVV LQPLQLQJSUDFWLFHZLWK VSHFLDO
HPSKDVLV RQ DYDLODEOH WHFKQLTXHV DSSOLFDEOH IRU+HDS/HDFKLQJ RI YHU\ ORZJUDGH RUHV WKDW DUH QRW FRQVLGHUHG
HFRQRPLFDOWRWUHDWZLWKRWKHU%HVW$YDLODEOH7HFKQLTXH%$7VDYDLODELOLW\RIDSSOLFDEOHWHFKQRORJLHVE\JOREDO









+HDS OHDFKLQJ LV %$7 IRU VXLWDEOH RUHV EHFDXVH LW DOORZV WKH HFRQRPLFDO SURFHVVLQJ RI RUH WKDW
ZRXOGRWKHUZLVH EH XQHFRQRPLF XQGHU FRQGLWLRQV WKDW FDQ WHFKQLFDOO\ DFKLHYH UHJXODWRU\ DFFHSWDEOH
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VSHFLILFDWLRQVRIPDWHULDOVDUHDYDLODEOHJOREDOO\$OVRVORSHVWDELOLW\HYDOXDWLRQVRIVWDFNHGKHDSOHDFK
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2UHEHQHILFLDWLRQPHWKRGVLQPLQLQJ
7KHSULPDU\REMHFWLYHRIPLQLQJLVWRVXSSO\UDZPDWHULDOVWRGRZQVWUHDPXVHUVH[WUDFWHGIURPRUH
GHSRVLWV LQ WKH HDUWK¶V FUXVW XVLQJ DSSOLFDEOH H[FDYDWLRQ DQG RUH HQULFKPHQW SURFHVVHV ZLWK
HFRQRPLFDOO\IHDVLEOHDQGHQYLURQPHQWDOO\VRXQGHQJLQHHULQJRSHUDWLRQV,QDW\SLFDOPHWDORUHPLQLQJ
RSHUDWLRQ RUHV DUH VHOHFWLYHO\ H[FDYDWHG IURP DQ RSHQ SLW RU XQGHUJURXQG ZRUNLQJV FUXVKHG DQG
PLOOHGIRUIXUWKHUWUHDWPHQWLQRUHEHQHILFLDWLRQXQLWVIRUHQULFKPHQWDQGRUSURGXFWLRQRIPHWDOVDQG
PHWDOFRPSRXQGV
7KHUH DUH VHYHUDO PDLQIUDPH RUH SUHSDUDWLRQEHQHILFLDWLRQ PHWKRGV DYDLODEOH LQ PLQLQJ SUDFWLFH
EDVHGRQSK\VLFDOFKHPLFDODQGVPHOWLQJSURFHVVHV
2.1. Concentration 


























PHWDORUHV(<1% copper, <1g/ton gold, < 0.5% nickel) SUHYLRXVO\FRQVLGHUHGXQHFRQRPLFDOEHFDPH
IHDVLEOHZLWKLQWURGXFWLRQRIKHDSOHDFKLQJWHFKQRORJLHV0DUVGHQ














SUHVHQFHRI LURQ VXOSKLGHV WKLVR[LGDWLRQSURFHVV LV HQKDQFHGE\QDWXUDO ELRORJLFDO DFWLYLW\
ELRR[LGDWLRQXQGHUDFLGLFFRQGLWLRQV
/HDFKLQJ LV D SK\VLFRFKHPLFDO SURFHVV ZKHUH PLQHUDOV LQ URFN PDVVHV JR WKURXJK GLVVROXWLRQ
XQGHUSHUFRODWLQJZDWHUDQGDQLRQFDWLRQH[FKDQJH UHDFWLRQV WRJHQHUDWHPHWDO VDOWV LQ VROXWHFROORLG
SKDVH WKDW PLJUDWH DQG DFFXPXODWH XQGHU K\GURORJLFDO IRUFHV 'HSHQGLQJ RQ WKH SUHVHQFH RI S\ULWH




SK\VLFDODOWHUDWLRQ(fractioning under extreme temperature changes and erosional forces) LQWKHURFN
WRVRLOZHDWKHULQJF\FOHWDNLQJSODFHLQQDWXUHXQGHUDWPRVSKHULFSUHVVXUHFRQGLWLRQV
6LPLODUO\ OHDFKLQJ LV DOVR D PDMRU QDWXUDO SURFHVV WKDW RFFXUV DW GHSWKV LQ WKH HYROXWLRQ RI




7KH SULPDU\ REMHFWLYHV RI OHDFKLQJ SURFHVVHV DSSOLHG LQ PLQLQJ DUH WKH VHOHFWLYH GLVVROXWLRQ RI
PHWDOVRI LQWHUHVW LQRUHV VHJUHJDWH WKH ORDGHG SUHJQDQW VROXWLRQ IURPVROLGVDQG UHFRYHUDYDLODEOH
PHWDOVHLWKHULQPHWDOFRPSRXQGVRULQPHWDOOLFIRUPVWKURXJKIXUWKHUK\GURPHWDOOXUJLFDOWUHDWPHQW
/L[LYLDQWV DUH FKHPLFDO VROXWLRQV XVHG LQ OHDFKPLQLQJ WR HQKDQFH GLVVROXWLRQ RIPHWDOV LQ RUHV
6XOSKXULF DFLG DQG F\DQLGH VDOWV DUH WKHPRVW FRPPRQ GHPRQVWUDWHG OL[LYLDQWV XVHG LQ KHDS RU YDW
WDQN OHDFKLQJ SURFHVVHV DSSOLHG XQGHU DWPRVSKHULF FRQGLWLRQV 7KLRXUHD DQG WKLRVXOSKDWH DUH DOVR
NQRZQ OL[LYLDQWV IRU FRSSHU DQGJROGRUHV KRZHYHU WKH\ DUHQRWXVHG LQZRUOGPLQLQJSUDFWLFH IRU
WKHLUPRUHFRPSOLFDWHGFKHPLFDOPDQDJHPHQWLVVXHVDQGHQYLURQPHQWDOFRQFHUQV&XUUHQWO\WKHUHDUH
QR VXFFHVVIXOO\ GHPRQVWUDWHG DSSOLFDWLRQV RI WKHVH OL[LYDQWV RQ DQ LQGXVWULDO VFDOH WKDW FDQ EH
FRQVLGHUHGZLWKLQWKHFRQWH[WRI%HVW$YDLODEOH7HFQLTXHV%$7V

















VHFRQGDU\WHUWLDU\ FUXVKLQJ WKH SDUWLFOHV LV UHGXFHG WR WKH RSWLPXP VL]H ZKLOH SURGXFLQJ DV PDQ\
PLFURFUDFNV LQ WKHRUHSDUWLFOHDVSRVVLEOH,I WKHRUH LVYHU\SHUPHDEOH OLWWOHRUQRFUXVKLQJPD\EH
QHFHVVDU\EHFDXVHRIWKHDGYDQFHGGHJUHHRIQDWXUDOOLEHUDWLRQRIWKHWDUJHWPHWDO6XFK³UXQRIPLQH´
RUH PDWHULDO FDQ EH SODFHG GLUHFWO\ RQ WKH OHDFK SDG DIWHU PLQLPDO EUHDNDJH IROORZLQJ QRUPDO
SURGXFWLRQ UHODWHG EODVWLQJ RU HYHQ VLPSOH VKRYHOLQJ ZLWK PLQH HTXLSPHQW 7KHUH QHHGV WR EH D
GLVWLQFWLRQ EHWZHHQ 2[LGH DQG 6XOSKLGH RUHV KHUH DV DJUHHG EHQHILFLDWLRQ SURFHVVHV ZLOO YDU\
VLJQLILFDQWO\
5.1.1. Lixiviant contact with mineral grains 
$VVXUDQFH RI WKRURXJK SHUFRODWLRQ RI OL[LYLDQWV LQ WKH KHDS LPSURYHV GLVVROXWLRQ RIPHWDOV 7KH
SHUFRODWLRQUDWHRIWKHIOXLGVVKRXOGDOVREHVORZHQRXJKWRSURYLGHVXIILFLHQWO\ORQJOLYHGFRQWDFWRI
WKH OL[LYLDQW ZLWK WKH RUH SDUWLFOH WR GLVVROYH WKH PHWDOV 7KHUHIRUH DFKLHYLQJ XQLIRUP KHDS
SHUPHDELOLW\ LV UHTXLUHGIRURSWLPDO IORZRI OHDFKIOXLGV WKURXJKRXW WKHKHDSHGRUH7KHSUHVHQFHRI
ILQHSDUWLFOHVLQWKHFUXVKHGRUHWHQGVWRGHFUHDVHSHUPHDELOLW\ZLWKKHDSKHLJKWFRQVROLGDWLRQORDGLQJ
,Q FDVHV ZKHUH ILQH SDUWLFOHV DUH SUHVHQW DJJORPHUDWLRQ WHFKQLTXHV XVLQJ FHPHQWLWLRXV DGGLWLYHV RU
VXOIXULFDFLGVROXWLRQIRUELRKHDSOHDFKLQJFDQEHDSSOLHGWRWKHFUXVKHGRUHSULRUWRVWDFNLQJRQWKH




5.2. Dissolution potential of the metal/mineral composition –leach kinetics 
7KHPDMRU IDFWRUV DIIHFWLQJ WKH GLVVROXWLRQ UDWH RIPHWDOV RI LQWHUHVW DUH OL[LYLDQW FRQFHQWUDWLRQ
WHPSHUDWXUHS+GLVVROYHGR[\JHQSUHVHQFHRIRWKHUPHWDOVDQGLRQV LQ WKHVROXWLRQ/HDFKNLQHWLFV






5.3. Bacterial activity on metal sulphides – leach kinetics 
7KH SUHVHQFH RI PHWDO VXOSKLGHV PRVWO\ S\ULWHS\UKRWLWH LQ WKH RUH KHDSV LQLWLDWHV EDFWHULDO
DFWLYLW\ HVSHFLDOO\ IRU FRSSHU QLFNHO DQG ]LQF VXOSKLGH PLQHUDOV 'XULQJ VXOSKLGH RUH OHDFKLQJ
EDFWHULDODFWLYLW\FDQEHHQKDQFHGE\WKHDGGLWLRQRIFXOWXUHGEDFWHULDLQWRWKHDFLGLFOL[LYLDQWDQGLQ
KHDSIRUFHGDHUDWLRQIRUR[\JHQVXSSO\%DFWHULDODFWLYLW\FDQEHXWLOL]HGWRFDWDO\]HWKHR[LGDWLRQRI









PHWDOV RI LQWHUHVW FRSSHU ]LQF LURQ LQJROGRUH OHDFKLQJ LURQ DOXPLQLXPPDJQHVLXPPDQJDQHVH
FDOFLXP DQG SRWDVVLXP LQ FRSSHU DQG QLFNHO RUH OHDFKLQJ WR QDPH D IHZ ,Q DGGLWLRQ WR OL[LYLDQW
FRQVXPSWLRQ SUHSUHFLSLWDWLRQ SURGXFWV RI VRPH RI WKHVH JDQJXHPLQHUDOV J\SVXP MDURVLWH VLOLFD
KDYH SRWHQWLDO QHJDWLYH HIIHFWV RQ OHDFK SHUPHDELOLW\ E\ SOXJJLQJ XS RI WKH SRUHV LQ WKH KHDSV
%HQFKSLORW VFDOH K\GURPHWDOOXUJLFDO WHVWV UXQ RQ UHSUHVHQWDWLYH RUH VDPSOHV SURYLGH IRU D EHWWHU




LQ WKH PRGHUQ K\GURPHWDOOXUJ\ WHFKQLTXHV XVHG LQ WKH EHQHILFLDWLRQ RI ORZJUDGH RUHV 7HFKQLTXHV
HPSOR\HG LQ PRGHUQ OHDFKLQJ WHFKQRORJLHV PLPLF WKH QDWXUDOO\ RFFXUULQJ OHDFKLQJ SURFHVVHV XQGHU
RSWLPL]HGRSHUDWLRQDOFRQGLWLRQVIRULPSURYHGSURGXFWLYLW\
6.1. Dump leaching 




6.2. Heap leaching 
,V D WHFKQLTXH ZKHUH UXQRIPLQH RU FUXVKHG JHQHUDOO\ ! PP DQGRU DJJORPHUDWHG RUHV DUH
VWDFNHG RYHU DQ HQJLQHHUHG LPSHUPDEOH SDG ZHWWHG ZLWK OL[LYLDQW VROYHQW FKHPLFDOV XQGHU








RUH LV PRYHG WR D OLQHG IDFLOLW\ VSHQW RUH UHSRVLWRU\ IRU ILQDO FORVXUH DQG UHFODPDWLRQ ZLWK WKH
VWDELOL]HGOLQHGOHDFKSDGDUHDLVEHLQJUHXVHG
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6.3. Tank leaching 
,VD WHFKQLTXHZKHUHFUXVKHGPLOOHGRUHVRU IORWDWLRQFRQFHQWUDWHVDUHFKHPLFDOO\ WUHDWHG LQRSHQ
WDQNVXQGHUDWPRVSKHULFSUHVVXUHFRQGLWLRQVWRH[WUDFWPHWDOVDOWVIURPWKHRUHDWDQDFFHOHUDWHGUDWH
7KLVWHFKQLTXHDOVRFDOOHGDV³VHPLFORVHGV\VWHP´LQOD\PDQWHUPVUHTXLUHVKDQGOLQJDQGJULQGLQJRI
DOO UXQRIPLQH RUHV DQG GLVSRVDO RI SURFHVVHGPDWHULDOV WDLOLQJV LQ WDLOLQJV LPSRXQGPHQWV RU LI D
KHDSOHDFKLQJIDFLOLW\LVSUHVHQWWKHGHZDWHUHGWDLOLQJVPD\EHVHQWWRWKHOHDFKSDGIRUDVHFRQGURXQG
RIOHDFKLQJRUEDFNWRWDQNOHDFKLQJDIWHUSUHVVXUHR[LGDWLRQRUURDVWLQJWRFDSWXUHDQ\UHVLGXDOPHWDO
6.4. Pressure leaching 
,V D WHFKQLTXH ZKHUH JURXQG RUHV RU IORWDWLRQ FRQFHQWUDWHV DUH FKHPLFDOO\ WUHDWHG LQ UHDFWRUV
DXWRFODYHVXQGHUKLJKSUHVVXUHDQG WHPSHUDWXUHFRQGLWLRQV WRH[WUDFWPHWDOVDOWVIURPWKHRUH LQDQ
DFFHOHUDWHGUDWH7KLVWHFKQLTXHDOVRFDOOHGDV³FORVHGV\VWHP´LQOD\PDQWHUPVUHTXLUHVKDQGOLQJDQG
JULQGLQJRIDOOUXQRIPLQHRUHVDQGGLVSRVDORIWUHDWHGPDWHULDOVWDLOLQJVLQLPSRXQGPHQWV
6.5. In-situ leaching 
,V D WHFKQLTXH XVHG LQ WKH UHFRYHU\ RI FRSSHU VDOWWURQD DQG XUDQLXP RUHV LQ DSSURSULDWH K\GUR
JHRORJLFDOVHWWLQJV
3ULPDU\ IDFWRUV LQ VHOHFWLRQ RI DSSOLFDEOHDSSURSULDWH OHDFKLQJ WHFKQLTXH DQG OL[LYLDQW FKHPLFDOV
DUH
x 0LQHUDORJLFDOFRPSRVLWLRQPDWUL[IHDWXUHVRIWKHRUHDQG
x (FRQRPLF IHDVLELOLW\EDVHGRQKHDGJUDGHDQGUHVHUYHRI WKHRUHGHSRVLWHVWLPDWHG





PLQLQJ WHFKQLTXH FDQ EH IRXQG LQ 9 %LULQJXFFLRெV ERRN RI ³3LURWHFKQLFD´ SXEOLVKHG LQ 
GHVFULELQJ OHDFKLQJ RI VDOWSHWHU VRGLXPSRWDVVLXP QLWUDWH IURP GHFD\HG QLWULILHG RUJDQLFPDWWHU RU












7KH ILUVW XVH RI F\DQLGH IRU OHDFKLQJ RI JROG DQG VLOYHU RUHV ZDV LQ (QJODQG LQ  E\ -6
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7KHSUHVVXUHOHDFKLQJWHFKQLTXHKDVEHHQLQXVHLQWKHEHQHILFLDWLRQRIPDLQO\DOXPLQLXPFRSSHU


















LQ RSHUDWLRQ VLQFH WKH EHJLQQLQJ RI  LQ 6RWNDPR )LQODQG 6LQFH  DSSOLFDWLRQ RI WKH KHDS
OHDFKLQJ WHFKQLTXH XVLQJ VXOSKXULF DFLG DV WKH OL[LYLDQW JDLQHG ZLGH DFFHSWDQFH IRU UHFRYHU\ RI
QLFNHOFREDOWIURPODUJHGHSRVLWVRIYHU\ORZJUDGHODWHULWLFRUHVZKHUHSUHVVXUHOHDFKLQJKDV
QRWEHHQIHDVLEOH





x 2UH/HDFKLQJ(Heap Leaching, Tank/Pressure Leaching) 
x /HDFK6ROXWLRQ3URFHVVLQJDQGHOHFWURZLQQLQJ
x 7DLOLQJV'LVSRVDO(Tank/Pressure Leaching only) 
x 0LQH&ORVXUH6LWH5HKDELOLWDWLRQ




























 /HZDQGRZVNL .$ .DZDWUD 6.  %LQGHUV IRU +HDS /HDFKLQJ $JJORPHUDWLRQ 0LQHUDOV 	 0HWDOO 3URFHVV
-RXUQDO60(/LWWOHWRQ&RORUDGR86$9ROXPH1R
 0DUVGHQ - +RXVH ,  7KH &KHPLVWU\ RI *ROG ([WUDFWLRQ 60( 3XEOLFDWLRQ /LWWOHWRQ &RORUDGR 86$ QG
HGLWLRQ,6%1
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